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A8 a dfisa ol compounds, oxyaterolfi have dezDonstrated 
a vide variety <^ biological propertied. Due to the general 
interest in these compoimds, new metboda of chemika) 
dyntbOdld have beea deYelox>ed to pruvade them for 
biological fai;vesdgatioii« The specific inhibitioii by oxy- 
sterols of ehoIeslefoL l^osyntheda in naamixiaSsaB cells has 
been shown to result primarily from a decrease in ovular 
levels of 3-hydroRy-3-iTiethyIglutaryl coenzyme A (HMG- 
CoA) rednctase kddvity. Reoent evidence suggests these 
cellular ret^pofis^ may be m^^diat^td by an oxysterol Mnd- 
hkg protein f onnd in the c^'tosol of maity lines ol ciiltured 
cells. In certain instances, oxyRterols batric been shown 
to be produced in biological systems. These resiJts Rup- 
port the sappo^tion that o^y fiterols may jregaJate sterol 
biosyntbesig at the cellular level. Indaded herein are the 
inhibitory effects of ^cf^ llo-i^oxycbolest-T-en-S/^ol 
cfanlest-S^n-dp-oJ-T-one and choIesi-S-en-SjS-oMl-one on 
HMGrCoA redoctase activity and their relatix'O af fiiuttee 
for a cytos<^c banding protest. 
Lipids 2U 27^ (1986). 



!>tcroids l>cariog a swond oxygen function in addition to 
tlial al cajbon'3 have demonstrated a variety of divciTJc 
biological activiLiea ( J-3). Some of these include cytotox- 
icity, athcrogcnicity, carcinogenicity. niutagenicity„ hypo- 
choLcstcrolcmia and effects on specific en/ymcs, "in atldi- 
tion» Acveral oxysterols have been isolated from drugj; 
OKcd in folk medicine for rtic treatment ul carucr (4-6). 
Other studies have shown that certain oxysterols have 
stg-iificant activity in the inhibition of DNA synthesis in 
cultured cells (7,8). A number of oxyj^enated derivatives 
of cholesterol and sterol intermediates in chole^crol bio> 
synthesis have been found to be potent inhibitors of sterol 
biosynthesis in animal cells in culture (2,3.9). The specific 
inhibition of cholesterol biosynthesis in mamaiaJiiaD cells 
by oxygcnaltsd derivatives of cholesterol and fanostcro] 
bus b«:n shouT* in many cases lo decrease cellular levels of 
IlMG-CoA reductase activity, 'Ihis resptonsc lias been 
attributed to a decreased rate of HMG-CoA reductase 
synlhcsis (9-11) and in some instances to an increase in 
enTj'mc degradation (9J l)- 

A large number of oxysterols have been evaluated for 
their abiliii^ to repress llMO-CoA reductase activity in 
cultured npiammiilian cells? (2,3,12). In gcaeral. potency has 
been found lo vary over a wide range depending on the 
structural features cf the oxystcrol. As a general trend, 
inhibitory activity increases as the distance between car- 
bo n-3 and I he i^econd oxygen function becomes greater. 
Steroids wilh oxygpn groups in ring D and the side chain 
have been shown to have the greatest activity'. An intact 
side chain is a requirement for potett activity; a decrease 
in the length of the (iso-octyl) side chain results in de- 
creased activity (13). Other noticeable trends indicate a 
relationship between iahibitory activity and the extent to 
which the second oxygen furciion is stericalK' hindered. 
In general, axial hydroxyl groups are more hindcix'd and 

''l o whom correspondence sliciUo br addrtiscd. 



possess lower activities than the less hindered equatorial 
eonforuiailiuii (2,12,13). Slcric bindranu: from other parts 
of ihe slcroid molecule also can result indirninishcd activ- 
icy {i,c., effect of caibocL-I4 alkyl substituencs on the car- 
bon-15 hydroxyl group) (14). It has been suggested that 
oxygen functions in conformutionally flexible positions 
such a'i those in ring D und in the sidb chain produce more 
inhibitory steroids due to increased effective hydrogen 
bonding or bydrophilic intersi.ctior.s with receptor mole- 
cules (3). 

These observations suggest a regulatory mechanism 
which, by analogv' to steroid hormone receptors and bac- 
terial induction-rcprc5tf«on systems, requires a binding pro- 
tein to recognire oxj'sterols and mediate subsequent cellu- 
lar events. Evidence for the existence of a si>ecific cytosolic 
receptor protein for oxysterols has been presented (12,15). 
After the activities of a number of sterols were evaluated, 
a good correlation was found between ihe actions of 
ocnaia oxysterols on HMG-CoA reductase in L ccUs and 
their affuiily for a oxysteiol blndictg protein (12). 

Recently it has been shown that under certain condi- 
tions biologieal sysiems can be induced lo produce oxy- 
geruited derivatives of cholesterol and lanostcrol (16,17). 
These results add support to the hypodricsis that ox>-ste-ols 
may he naiura- regulators of cholesterol biosynthesis in 
the intact cell (18). It has been suggested that such regula- 
tory oxyiilerols may arise end ogenously fruiu wlluliir cho- 
lesterol by either noncii^ymic or conlroKed enzymic oxi- 
dation of cholesterol or from the analogou:^ oxidation of 
biosyatlietiv piectJrsors of cholesterol (e.g., lanostcrol) 
(3,18,19). An alternate and marc interesting pathway re- 
quiring the formation of endogenoas oxysterols as by- 
products of cholcsierol biosynthesis has been described 
(16,17,2()"23). Compounds such as 24,2iHepoxylaao5t-8- 
en-3^ ol and 24^5-epoxychole&t-5-cii-3jSf-ol may be de- 
rived from sc|ualeac-2,3^22,23-diojudc (SIX)). With the 
U!Mi of inhibilors of 2,3-oxidosqualene cyclase, an increased 
cooccairailon of SDO can be induced. Upon removal of 
these inhibitors (4,4,l(M.rimethyl-/wM-dccal-3p-ol [21] or 
3j8 - 12 - (diethyl-aniLno)etboay] ondrost -5 en -17 - one 
[IJ I R666A] [23D, SDO appears efficiently metabolized t 
polar products (2I,23)« presumably 24»2S-epoxylanost^- 
en-3/f-o! and 24(5),25-cpoxy-cboIest-5-en-3iS-o! (16,20,22). 
ihe metabolism of SIX> was associated with a suppi-es- 
sion of HMO-CoA reductase (17,23), indicating that cyc- 
lized derivatives of SDQ have biological effects similar to 
oxysterols. The immediate cyclixation prodxun of SDO, 
24,25-epoxyhinost-8-cn-3^l, and two related cxylano 
sterol analogs, laaost-^nc-3^25-diol and lanost-^ene- 
25-ol-3-one, have been prepared by chemical synthesis 
(Fig. 1) and w^re found to be strong inhibitors^ of HMG- 
CoA reductase activity in cultured rat imestina! epithelial 
cells (24), These oxysterols caused a 50% inhibition of 
reductase activity al 0.85 X lO"^ 1.67 X 10'^ M, and 
4.18 X 10'' M, respectively. 

Among the more interesting biological properties of 
ccna in oxysterols arc their abilities to act as hypocholes^ 
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FIG. I. Cl«mic«l syntheinB o» M.MH^-vl-n***^^^* l,n^«t*«B»S^&<Hol »»d 



tero^emk agents. Cholc8t^U)^3^^l-l5-oric (25-28) ^ 
LU palmitatc and hemisuccinate esters (29), cbo]est-8( 14y- 
cn-3,!5-dioiie (30) and ^>a-fiuo^ochok.sl-^i(14>^:l^-3^J-ol"1^ 
ont; \3J) have demonstrated sustained hypochoieslcrol- 
emic activity in intact animah. The iclaled unsaturated 
k«lo steroid cholest'4-en-3-oae also is reported to posscjw 
similar activity (32). Recently two otlicr oxysterols, cho- 
lcst-8-en-3^-ol-7'one and cholcsi-8-ett-3iS-oH 1-onc, wcit: 
found to have significant but not sustained h>pocholcs- 
terolcmic activity when fed lo rats at a level of 0.15% in 
the diet (Parish, H.X, Nandun, V.B.B., Sctkcl, J.M., Kohi. 
H.H., and Nusbauin, K.H., unpubU.shed resulu). The ac- 
tion of these two oKysterols as inhi'aitors of HMG-CoA 
reductase and their aft^niiy for » cylo&olic hinding protein 
are shown in Table L 

l>ue to the potential importar.cc and genera! interest in 
oxyj^erols as a cla&s of compounds, ne%Y methods of chem- 
icaJ synthesis hax'C been developed to provide them for 
biological investigations. Other approaches to chenncal 
synthesis have Included the streamlining of existing or 
*'classacar methods of synthesis. 

A number of 1 5-oxvgenated sterols have been found to 
be potent iahihitoni of HMG-CoA reductase and to ec- 
livdy suppress sterol synthesis in animal cells in culture. 
In addition, several t>-kcto sterols and their derivatives 
have demonstnit.ed significant h>T>ocholeslcrolemic action 
vyhen administered to intact animals (2,27^>J). These re- 
sults stimubted an extensive synthesis program of new 15- 
oxygcnated sterols and intermediates salient in their prep- 
aration. Many of these compounds have beta prepared 
from 3p-bcnzoyloxy-UJ5a-cpoxycho)e5t-7-ene (33,34), a 
key intermediate in the syathcsist of a large number of 
these compounds (2). A new approach to the synthesis of 



TABl.t 1 

O^ysterol Rcptessinn of HMi;-CoA RcchiclMe (M»d Rtlfttiv* Afflnky for 
OxTSUtol-Sizidiiis Pvolcin 



Sterol 



Repression 
o< IIMO-CoA 
reductase^: 



ftflinnv 



.lj^-^ydl^XJ'^,4'■<iimcthy^chrtlc!^t-5- 

erk-7-one 
4.'i-Difncthyiciiol«st^5'Cne-3;^,7a- 

diol 
di9l 

C5u>lcst->*T?e-3^,7a-diol 

9te, 1 la-lip* w y2bolesi-7<r*-3^?-ut 
ajJ-Hj-droxyd^oIoA-S-CR 7-ofte 

3^Hydrox ycbolcst" at-<> v 1 i-on e 

^TteVauiat gl\^ the ccoccctriiioas necessary for 50% rcsporoe in 
cacfa assay talailatcd as <Je»cribed in ttic Kxp^itncnLd bccuco. 



1.7 



1.7 
2.5 
17 
13 
I.I 
9.0 



t.4 
I.I 

C.49 



15-oxvstcrols involving the chromium (VI) oxidation o. 
the 8;i4.diene system was utilized in a novel syntheses ot 
the hypocholeslcfolemic agent 9p-auorocholc»i"8(14)-en- 

3«-ol-15-one (35). ... 

Several steroids with hypo^hojeslcrolemic properties 
haw in common the «,j3-uj-jwiturated ketone funviiot^> 
ity. New methodology has been developed to picpare 
Ihe^e compounds from the coirci^ponding aUyWc alcohol 
by selective oxidation usinga pyridLnium chlorochromat<^- 
amine reagent sy^eci Tlic unsaturated Jcao sterols 

cholcst-8-cn-3/^ol-7-one and clsolesl-8-en-3.ff-ol-ll-onc. 
dtcd previously for their hypocholesterolcmic activity, 
have been prepared from the key intermexiiate 3of-benzoyl- 
oxy - 9a, I la - epoxychole&t ^ 8 - cne by a modification of 
known synthetic methods (Fig. 2) (41-46:). 

Among the most frequently encountered oxystcrols are 
those with a kelo or hydroxyl function at carbon-7^ These 
compounds have been found in animal tissues and lood- 
stuffs (1) and certain folk medicines (4^,47) and hav^ 
been shovm to be significant inhibitors of HMG-CoA 
reductase (2,12). sterol synthesis (2,48) and cell rephcalion 
(41^51) Recently a synthetic sequence was developed for 
the s>-nthesis of 4,4'^imethyU7-oxygcP.atcd .stfoU "smg 
commercial cholesterol as a starting malenal P^)- 
concentrations of those sterols required for 50% mfobi- 
f ton of H M G-Co A reductase activity were similar to those 
reported for the corresponding sterols devoid of the 4,4 - 
dimethyl functionality (Table 1). 

In the ianosterol scries, a simplified method lor the 
preparation of )4a-hydro5cymcthyl denvaUws of 24,^5- 
dihydrolanostCTot has been described (53). These coid-_ 
pounds are pioposcd intcnnediatcs in the bios>Tithefiis of 
cholesterol from lanosterol and were fou!«i to be potent 
inhibitors of >lMG-CoA reductase and sterol diosynthcsui 
(54) The previously desccribed oxylanosterol denyaUves 
HatH^xyl^nosx-l^t^^PrvU lanost4^ne-3p-25-diol and 
kinost-8^nc-25-oW-cnc have been prepared (Fig. 1) di^ 
redly from commcrcLal lanosterol (a rmxture of lanosterol 
and 24 2>dihydrolanosteTol) in a simphftcd synthesis, I he 
main feature of this synthesis is the direct monoepoxidi^ 
tiun of lanosterol with wi-chloroperbcnzoic acid to yield 
the 24,25-epoxidc. This material was isolated by selecuw- 
ly lemoviog the remaining commercial starting matcrjal 
during repetitive crystallization from ro<^ylene chlonde- 
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FW;. 2. Chemical ftynthcsifi of choice tr8w5<5-ol.7^n« and 
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methanol, t'oUowcd by liquid chromatography of the re- 
maining noncrystalline portBon (24; Panini» Sexton, Parish 
and Rudney, submitted for publication). Epoxide ring 
opening v.nth hydride rc^vuited in The cafbon-25 alcohol 
Oxidation ;>f the 3^hydroxyO group with pyridiniunQ chlor- 
ochromate resulted in the 3-kclo ijt?rivaliw (55). 

Research into the chemLsiry and biochemistry of ©xy- 
ster ob has resulted in major develupmcnts summarijrd 
briefly in this report. Further extension of the scope of 
this research is anilcipaicd, especially in understanding 
the mcchanbni(s> of possible oxysierol regulation of mam- 
malian cholesterol biosynthesis. 

EXPERlMmTAL 

The sterols 9a J l«-cpoxycholest-8-ejn-3^-ol. cholcsi-8^n- 
3;9-oV.7-onc and chole$i-8-cn-3^-ol-H-onc were pre- 
pared by chcraical synthesis (to be presented elsewhere) 
and were found to have a pudty of 98% or greater by ga? 
liquid chromatography and/ or thin layer chromatographic 
aniil>'acs (39), 

The experimenlal procedures used in cell culture studies 
using mouse L cells (a subline of NCTC clone 929 mouse 
fibroblasts) and the detenni nation of HMG-CoA reduc- 
tase in cell honnogenatefi have been deficribcd previously 
(12,52). The cnnccntration of sterol in the medium that 
gave a 50% repression of HMG-CoA reductase after fh'e 
hr of incubation was dciermincd graphically from a plot 
of Lnhibitoiy activity (percentage of the control value) vs 
at least five concentrations of sterol. The assay of rel£iti\*e 
binding aUinity of unlabeled sterols by competition with 
25-Kydrox>[^H] cholesterol with the cytosolic binding pro- 
tein has been described previously (12). 



The cpoxy sterol 9aJ la-cpoxycholcst-7-en-3)5-oI was 
found to be a potent inhibitor of lIMG-CoA reductase in 
L cells in culture and also exhibited moderate affinity of 
the oxyslciol binding protein. This is the first example of 
a 9af,J ]a*cpoxide to be examined in these systems. The 
kcto sterol 3jff-hydroxycholest-8-en-7-one shows excellent 
inhibition of reducta.sc and a strong afilaity for the oxy- 
sterol binding protein. Oxysterols with a ketone or hy- 
droxyl function at carbon-7 are among the most frequently 
encountered. The results obtained from other carboii-7 
oxysterols are presented in Table I for comparison (12,52). 
The oxystcroL 3^hydrnxycholest-8-en-l 1-one was found 
to be a poor inhibitor of H MG-CoA reductase. This result 
was somewhat unexpected due to potctu inhibition shown 
by another carbon-1 1 oxygenated sterol, choiest-7-enc- 
la-diol» which showe^i a 50% reduction of reduclasi: 
activity at a 0.55 pM coaa^nlration (12). In addition, the 
kcto sterol had no delectable affinity for the oxysterol 
binding protein, a property consistent with its poor ability 
to inhibh reductase activity. 

The results described here are an addition to the knowl- 
edge of the correliition of sterol structure and the repres- 
sion of HMG-CoA reductase activity and relative binding 
affinities for the cytosolic oxysrerol-bindLng protein. The 
results of these and many other studies may aid in under* 
standing the role of oxy. sterols in the regulation of sterol 
synthesis. 

This rr^rch was supported in port bj* Sclmia£4^iou|^h Corporaiion 
Grant for Research Ccrpomliori and by Auburn l;niversiry fGrgnt-in- 
Aid K:-I79). 



KSWIS AND DISCUSSION 

•The oxystei'o.Is 9«,na-epoxycholciti-7-cti-3iff-oI, 3/?-hy- 
droxycholest-8^n-7-one and 3^-hydroxychol^-3-cD-l I- 
one have been prepared by chemical synthesis using es- 
tablislied methods (Fig. 2) (4M6). These compounds con - 
tain a divcisity of structure in ring^ 0 and C; therefore it 
seemed worthwhile to examine them for their abilities to 
inhibit HMG-CaA reductase and their affitiities for a 
cytosolic oxystarol-binding protein (Table 1. Fig. 3). 



1. Smilli, L.I., (198 1 > Chnlpxfpro) Ataoxidation, PJei»um Press, Nt:»v 
VorJc. 

2. Schroepfer. QJ, Jr. (19SI) Ann. mothcm. 51. 585-621. 

3. Gibbctis, G.K (Xm) HioHrem. Soc. Trans, (London} ff, 640-651. 

4. Chcpfr It .-P., Najgano, N., Rflng, aad UurissDn. G- V977) / 
ChrfH tS>2l7; {M)250l-252l, 

5. NB|!aiic>. H., Payscr, J.P., Cbciiiu K.-P:, Bany, and Oiiris&on.O. 
(Wiy J. Ch^i. fie^. (S>218; (MWSrS 2571, 

6. Z&nder. ^4., Patiick, K.., Baig, L.. and Ourijwfwt.G. (I977>/ Chcm, 
ftes. (S)2\$i CM)257 2-2584. 




U 8 16 24 32 0 9 K 74 3? 0 fi 16 2< 32 

FIG. 3. nffect£) of oxjstcrols «n the level of IIMCKkiA rcducim «c!avity in L cells. 
A« 9ftflla-epoxycUokst-7-CD B, 3/Hiydr<ur7t:liofest-S^7-ODe; S/M&TilroxychotSevt- 



ItPIOS. Vot 2X Ncx 1 0986) 



Received 10/02/2002 13:19 in 05:04 on line [3] for HR10031 printed 10/02/2002 13:28 * Pg 5/5 
From CG13) 952-8437 Order # 0317O935DP02513750 Wed Oct 2 14:20:22 2002 Page 5 of 5 



; i 



I ! 



11 

I i ^ 



30 

7. 
8. 
9- 
10, 
II. 
12. 
13. 

14. 
15. 
16. 
(7. 
IB- 
19. 
20. 
2». 
2X 
23. 
2a. 
35. 
26> 

27. 

28. 

29. 
30. 
31. 



E^, PABISH ET AL. 



[>erfty. R., Asiruc, M.E.» Rousiillon, S., Ucsccmps, and <^^^^ 
de PaiikU A. (i9S2) Biochem. Siophyi, Jies, Comm. JOS, 3*2-372. 
.^5UUC, M., l^rorit, M.» T&b£Cik, C:.. and Crasus dc Pallet. A. 
{(97«) Stocbem. Biophys. Res. Cornifi. «J. G91-700. 
SiiiftflsV/, M., Tarficl, X. and EdwardA, P.A. (198!) WtoA Cmim. 
256, 1 1774-1 1779. 

l-atm, J.IL, Luskcy, K .I Chin, D.J„ Goidsieitt. J-U, and Browa. 
M.S. fl9B2) Proc. Sail Avad Scl (ISA 79. 5205-5209. 
Tauaka, R-D.. Mvnirds, P.A., Laa. S.-K. and Hagclcvin, A.M. 
I191S3) J. fl/o^. CAe/«. 13331-13339. 

t»5Eor. SAOckr, Shown, SJ*., Pansh, EJ., and Kan- 
datsc>i, {I9S4) / mol Chem. 259, \zm-n?sn. 
Gi?>boiW. O P- (1983) in ^-Hydroxy.-J-nKihylghitftryl Coenzyme A 
RoduciM (Sabioe, I... ed.) pp. 153-232, CRC Pfcss, W. PaUft 

Schrntjpfcr, G J. Jr. I'ansh, EJ., Tsvda, M, Raulstnn, D.L.» and 
K&udntftCS. A.A. (1979) / Hpy. Res. 20. ^ ^ , 

KiDdiititdu A.A., raylnr, YJR., and Shewn, E.P. (19S4> J. Siol. 
Chem. 25P. li18B-l2397, 

Ndsim, SiMkbcck^ S.R,, and Sptnscr, T.A. (19S1) X WcA 

Ok'/n. Ifi67-106R. ^ . ^. 

Penioi, S.R.. Sexto, aad Rudncy. H. (IW) / ^w. rh^/7i. 

7757-77/1. ^ , 

JCandUtfiCh* .A.A., Chen, «AV., ;ii>d Hoirttger, H.O. {i9m Stf^FIC^' 
.W. 498-50L 

Gibborn, G.t"., FuUmgcr^ C-R., Chcii, H.^*.. C_X^\Tin<;t, W.K., and 
Kandw^ih, A.A. {1920) / muL Chent 2.5J. 395^G0. 
rkld. and Hoimhmd, C.t. (1977) /«fwA«m. B;>^nci. 

m 465-r?K 

Ghana. T.Y., Schiavoni, E.S^ McCrafc, K.R., PtcUoD. J.A.. atin 
Spoocer, I. A. (l-?79) X Wo/ Ch*>m. 2S4. M258-11263. 
Xirlsoa, J. A., Stockbcck, S R., and Spencer, T.A. <19R1) X /<ot. 
Chem Soc, 103, tW^lS. 

Stuon, R.C-, PAnini, S.R., Azran, F., and Rnducy, H- (19R.1) 
Biochemis/ry 77. 56K7-5692. ^^^^^ 
Panioi, S.R,. ScJtion. R.C, tVribh. E.J., and R^Jdncy^ H. \m%) 
Fed, Fro<. 44. I7R7 (nbsttact). . ^ , 

Haulrton, OX., Mixhaw, CO., Puribh. EJ-, and Schrocpfcr. G,J. 
Jr. (1976) HiOihem, Bicphy^t. J^iti, Convnun. 71. 948-949. 
Schrnepfer, G J. Jr.. .Monger, D., Taylw, A.S., Charobtrf&io, J.S.. 
Parish, t.J., Ki«ic, A„ and Kardutsch, A.A. <I977) IUf>rheni. 
BuyphY;i. Rc9, Cowmun. 78, B227-I233. 

Schrotpffrr, QX h,. Parish. K-,I., Kiric, Jackson. EA<.» FarlI^y, 
CM-, af)d M0li» G.K. (1982) Pr^c -Vaf/. -4nJ<i VSA 79. 30*2- 

Scbroepfcr, GJ. Jr- Sliem!!, B.C. Wangu K.-S.» Wibon, 
Ki"ac A., and O»iki^oti, T.B. (l9»4) Pnji*. Natl Acatl ScL USA Si, 

^'uk. A., Mongtr, D., Parish, E J., Sancrficld, S., Ranbtaii, O.L. 
and .Schrocpfcr, G J. :<r. (1977) Arury 3, 421^25. 
Itbic. A.. Tayinr, Ai?., Cbambcrlnin, J.S., PariKh, £J.. afld Schrocp- 
fcr. flJ- Jr. <J978) F^rfA iVof. 

Schrocpfcr, G.J. Jr., Walker. V., Farb*, E.J^ and Kkk. A. (l9fW( 
BUichtfrt, Biophy.i. Res, Commun. 9J,8I5-8ltJ. 



3Z Stcinbtrg. D.. and FrcdriiAsou, D.S. tI956) y^nn. .VK/tcarf. :i^L 
57flt5&J. 

33. ParJih. EJ.. Sipike, T.E.. aiid Scbrnepfcr, C.J. Jr. (1977) CArm. 

Up'tKh iS, 233-239. . 

34. Conner, aN.. Purislu EJ., and Schrrtcpfer, G J- Jr. !. 1977) Lftmi. 
• Phys, Lipids in. 240-257. 

33. Parish, EJ.. mid Si:1u^pfcr. C J. Jr. < 1980)/- Otr. Chrm.4S.A^^' 
4037. 

3ft. Pdibii, EJ„ wid Schrotr'Cr, GJ. Jr. (1980) CW/^i- PA>j. tipiJs27, 
281-2SR. 

37. Parish. EJ.. and Scott, A.U. (1983) Or?, r/w/n. 4766-476B. 
3t*. Parish, EJ„ Scott, A.JL>., Dictcrsou. J.R„ and l)>1cc$. W. (1984) 

Chem, FhysL Upuh iJ. 315-320. . ^ 

30. Parish. EJ., Chitralcorm S., and Zo^xi7s\ .S. (19«4) Upids 19, 550- 

552. 

40. Parish, V.X, and CbiUaJcoro, S. (I9S5) .^i^i^- Cum/mm. K\ 39> 
399. 

4! Ruyic W.V., Jacob. I -A.. Cbcmcnia, J.M., Cbambeiiin, D.W., 
Rosepbcr^ SHa, aE.. Erkksom R.l-> AUminosa, LM„ !md 

Twhkr. M. (1953) J. Am. Ch^m. Si>i'. 76, 2604-7A09. 

41 Budziafrk, R.. Frami-s J., and Spring, F.S, (1952) J. Cke/tf. SrV. 
34(0-3414. 

4?. Biandom P., Hcnb«st, H.B., Joacs, E.R.H„ Wood, O.W.. Foton, 
D.C\ and Wayla«(, A. A. (1953) J. CAemi 5or. 291<»-292S1. 

44 Bbudon. P., Rente*:, H.B.. Jones. F^R.H., Lovctt. B J., Wood. G.W^ 
Wood3, Ga-.. EUc^. J., Ewns, R.M. Hathway. D.E., Oufihtaii, J.F.. 
and 1 huraaa, O-H. (1953J /. Cfum. Soi\ 2921-2933. 

45. Elks, J.» Etotis, R.M., Robitisoa, Cil . Tbmiuw.li.H., and Wymaii. 
L J. (1953) J. Chem. Hof. 29.13-2939. 

46. A.khiar, M., Freiimiin, C.W., Rahiaalula, A.D., and Wiiton. r>.C 
(1972) Swchcnu /. /29. 225-229. 

47. Yhjg, B--P.. Morisaki, M., and iJietawa, N. (1984) Chem. Chffrtit 
Bait (Jupati) 32. :W03-3f»8. 

48 Saio, y., Socodo, V., Mor»*kt, and Ikekaw^, N. (I9&4) CMm. 
Phann. Bull iJep<m) iZ 3305-3308. 

49. Richert, C. BcrgmBTin, C, Bock, J.-P., Rong, S., P.uu, B.> and 
0«nftfion, O. (J9«3) Bi<?i-hrm. /iiophys. Res. Coma*. 117, 851-H5R. 

50. Kiftttci, H., trhiheff. F., Richeit L.. Bcck, J.-P., ^uu B,. HrKl 
Ouris&on, Ct. (1984) Siochef*u nUtphyx, Ccntm. 12V, 657-6M. 

51. KoDg, S., Bcrgmaim, Luu, B„ B«xk, J, -P., aod Gun«on, G. 
(S9&5> CK. >4r*Ml Sci. CFdris) J, R9-94. 

52 Parbh, £J., Chitrakoni, S., Taylor, V'.tt.. and Ssudcr. S.E. (19841 

* Chejfi. Phy.^. Lipids 36. 179-IR8- 
S3. Parish, Q.J.. ana St:hrt;epfer, GJ. Jr (1981) J, Liptd Res. 22. 

54 Sdiroepfer, O.J. Jr,. Parish. E. J., Pascal, R. A. Jr., and lUndutsch, 

A,A. {I9R0) J. Ui^d Res. 2K 571-5&4. 
55. PiaOCCtcBL O., Scrtiri, A., awl TVaaria, M. (198z) Symhcit^ 245- 

25B. 



[Received September 25. 1985] 



LIP!D(S,Va.2lMo.^0^«^6> 



